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METHOD FOR GENERATING AND 
ALLOCATING CODE PAIRS OF 

ORTHOGONAL SPREADING CODES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an orthogonal spreading 

code for a CDMA mobile communication system, and more 
particularly, to a method for generating and allocating code 
pairs on the basis of an orthogonal code set, Which is 
generated using orthogonal spreading codes, so as to reduce 
a peak-to-average poWer ratio and expand the length of an 
interference free WindoW or IFW. 

2. Description of the Related Art 
In general, a Code Division Multiple Access (CDMA) 

mobile communication system adopts a spread spectrum 
communication method Which uses a spread code With a 
transmission bandWidth Which is much Wider than that of an 
information signal to be transmitted. The spread spectrum 
communication method uses a Wide frequency bandWidth, 
and thus can regenerate an original signal after despreading 
Which increases the signal poWer and keeps the noise poWer 
loW. According to a basic principle of the spread spectrum 
communication method, When a transmitting block modu 
lates a data multiplied by a spread code to Widen the 
bandWidth of a frequency and then transmits a signal, a 
receiving block multiplies the signal by the same spread 
code used in the transmitting block to narroW the bandWidth 
of the frequency and then demodulates the signal to detect 
the original signal. In general, the signal received through an 
antenna of the receiving block includes several kinds of 
noises mixed thereto in addition to the original signal. 
HoWever, using the spread spectrum communication method 
converts the several kinds of noises into very Weak electric 
poWer via a despreading process because the original signal 
is changed into a narroW bandWidth While the several kinds 
of noises are initially multiplied by the spread code to Widen 
the bandWidth and remarkably reduce the interference of the 
noises When the receiving block multiplies the spread code 
for despreading. 

The spread code used in such spreading and despreading 
processes can be used for spreading, synchronization and 
base station discrimination. In other Words, autocorrelation 
and crosscorrelation processes can be executed for spread 
ing, synchronization and base station discrimination. For 
detection of a desired signal, autocorrelation characteristics 
are required to have the maximum value When there are no 
time-offsets and a smaller value When time-offset values are 
not zero. Also, the crosscorrelation characteristics are 
required to have small values at all of the time-offsets for 
discrimination against a spread code used by another user. 

In order to meet the foregoing autocorrelation and cross 
correlation characteristics, a conventional CDMA method 
uses a Pseudo Noise (PN) code together With a Walsh code 
as spread codes. The PN code satis?es required character 
istics in autocorrelation, and the Walsh code satis?es 
required characteristics in crosscorrelation. 

In the characteristics required in crosscorrelation single 
channel path alloWs no mutual interference among spreading 
codes allocated to a number of users. HoWever, the mutual 
interferences exist among the spread codes having a number 
of channel paths. More particularly they are as folloWs: 

With single channel path, the amount of mutual interfer 
ence among the spread codes is determined only by the value 
of crosscorrelation having no time-offsets. On the contrary, 
With several channel paths, the amount of crosscorrelation 
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2 
among the spread codes is in?uenced not only by the 
crosscorrelation value having no time-offsets but also by the 
crosscorrelation values Which have path delay times among 
separate channel paths as the time-offsets. 

Therefore, in a multi-path channel environment Which can 
be generally referred to as an actual channel environment, 
the crosscorrelation characteristics among the spreading 
codes are important not only in no time-offsets but also 
different time-offsets. 
As a result, ideally the crosscorrelation values of the 

spread codes are required to be 0 at all of the time-offsets. 
HoWever, it is not knoWn so far about those codes for 
satisfying the crosscorrelation characteristics and the auto 
correlation characteristics at the same time. In other Words, 
referring to the PN and Walsh codes in use for the conven 
tional CDMA method, the PN codes satisfy the required 
characteristics of autocorrelation While failing to satisfy the 
required characteristics of crosscorrelation. Also, the Walsh 
codes fail to meet the required characteristics of autocorre 
lation While only partially meeting the required character 
istics of crosscorrelation. So, referring to the crosscorrela 
tion characteristics of the Walsh codes, the crosscorrelation 
value is 0 When the time-offsets do not exist, but is not 0 
When the time-offsets are not 0. 

To solve such draWbacks, one of the orthogonal codes is 
proposed. The code is called Large Synchronization (LS) 
code. The LS codes perfectly meet the autocorrelation and 
crosscorrelation characteristics in a certain time-offset inter 
val. The time-offset interval for perfectly meeting the auto 
correlation and crosscorrelation characteristics Will be 
de?ned as an Interference Free WindoW (IFW) 

Referring to autocorrelation characteristics in the IFW, the 
autocorrelation value is the maximum Where no time-offsets 
exist, and 0 at any time-offsets in the IFW Where the 
time-offsets are not 0. Also, according to the crosscorrelation 
characteristics of the LS codes, the crosscorrelation value is 
0 at any time-offsets in the IFW. 
As a result, in the multi-path channel environments Where 

the path delay time-offsets among the channel paths exist in 
the IFW, the interference among the spreading codes allo 
cated to users can be removed. Therefore, the time-offset 
interval satisfying the foregoing autocorrelation and cross 
correlation characteristics is referred to as the Interference 
Free WindoW or IFW. 

Conventionally, the PN codes and the Walsh codes par 
tially satisfy the characteristics required in autocorrelation 
and crosscorrelation at the time-offsets in the IFW, Whereas 
the orthogonal spreading codes perfectly satisfy the charac 
teristics required in autocorrelation and crosscorrelation at 
the time-offsets in the IFW. 

Although the orthogonal spreading codes have the auto 
correlation and crosscorrelation characteristics excellent at 
the time-offsets in the IFW, hoWever, there is a draWback 
that only a small number of codes are available in practice: 
i.e., the number of available orthogonal spreading codes 
decreases as the length of the IFW interval increase. 
When a set of the orthogonal spreading codes satisfying 

the foregoing autocorrelation and crosscorrelation charac 
teristics is de?ned as an orthogonal code set, the length of 
the IFW interval is inversely proportional to the number of 
elements in the orthogonal code set. When the length of the 
IFW interval increases as set forth above, the interference is 
proportionally reduced. HoWever, the available number of 
orthogonal codes is restricted, thereby resulting in restriction 
of channel capacity. 
A number of spreading methods using the orthogonal 

spreading, codes have been proposed, and examples thereof 
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include: a Binary Phase Shift Keying (BPSK) spreading 
method in Which the same orthogonal spreading code is used 
in both I branch and Q branch (FIG. 1), a Quadrature Phase 
Shift Keying (QPSK) spreading method in Which different 
orthogonal spreading codes are respectively allocated to the 
I branch and the Q branch (FIG. 2), and a complex spreading 
method for reducing the poWer imbalance betWeen the I and 
Q branch (FIG. 3). 

However, if different orthogonal spreading are respec 
tively allocated to the I branch and the Q branch in carrying 
out the spreading methods, the spreading codes of the I 
branch and the spreading codes of the Q branch can be 
simultaneously varied, and thus the spread signals may 
undergo a phase transition of 180 degree. Such a phase 
transition of 180 degree has a negative in?uence on the 
envelope ?uctuation of the spreaded signals after passing 
through a ?lter, thereby increasing a Peak-to-Average PoWer 
Ratio (PAPR). 

SUMMARY OF THE INVENTION 

Accordingly, the present invention has been devised to 
solve the foregoing problems, and it is therefore an object of 
the invention to provide a method for generating and allo 
cating code pairs based upon an orthogonal code set gener 
ated from orthogonal spreading codes. 

It is another object of the invention to provide a method 
for generating code pairs, Which minimize phase transition, 
When different orthogonal spreading codes are respectively 
allocated to I branch and Q branch. 

It is further another object of the invention to provide a 
method for generating code allocation order When the same 
orthogonal spreading code is allocated to I branch and Q 
branch. 

It is still another object of the invention to provide a 
method for generating orthogonal code sets satisfying auto 
correlation and crosscorrelation characteristics based on 
orthogonal spreading codes. 

According to an aspect of the invention to obtain the 
foregoing objects, a code pair allocating method using 
orthogonal spreading codes comprises the folloWing steps 
of: generating at least one orthogonal code set using the 
orthogonal spreading codes; determining one of the at least 
one orthogonal code set as a representative orthogonal code 
set; matching the orthogonal spreading codes to at least one 
element included in the representative orthogonal code set in 
the ascending order; judging Whether to differently allocate 
the orthogonal spreading codes corresponding to the at least 
one element of the representative code set to an I branch and 
a Q branch; judging Whether to allocate code pairs Which 
minimize a peak-to-average poWer ratio if differently allo 
cated; and allocating the order according to a rule deter 
mined from the representative orthogonal code set. 

In the code pair allocating method using orthogonal 
spreading codes in accordance With the invention, the step of 
generating the orthogonal code set comprises the steps of: 
generating the orthogonal spreading codes corresponding to 
a selected code length; adjusting the length of an IFW based 
upon a selected code component length; and generating the 
at least one orthogonal code set and at least one element 
included in each of the at least one orthogonal code set until 
a certain condition is satis?ed. 

According to another aspect of the invention, When the 
same orthogonal spreading code is allocated to both I branch 
code and Q branch code, the code allocating method using 
orthogonal spreading of the invention further comprises the 
folloWing steps of: generating at least one code set using the 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
representative code set; selecting the at least one code set in 
a predetermined order; allocating the order of the codes 
according to a predetermined order using at least one 
element of the selected code set. 

According to further another aspect of the invention, 
When the different orthogonal spreading codes are allocated 
to I branch code and Q branch code respectively, the code 
pair allocating method using orthogonal spreading of the 
invention further comprises the folloWing steps of: judging 
Whether to minimize a peak-to-average poWer ratio; gener 
ating at least one code pair using the representative code set 
if a code pair is allocated to minimize a peak-to-average 
poWer ratio; generating a code pair set using the at least one 
code pair; allocating the code order based upon the at least 
one code pair included in the code pair set; grouping at least 
one code pair set according to a rule determined based upon 
the representative code set if the code pair is not allocated to 
minimizes the peak-to-average poWer ratio; selecting one 
from the at least one code pair set according to the deter 
mined order; generating at least one code pair on the basis 
of at least one element included in the selected code pair set; 
and allocating the code order based upon the at least one 
code pair. 

According to still another aspect of the invention, an 
orthogonal code set generating method using orthogonal 
spreading codes comprises the folloWing steps of: generat 
ing orthogonal spreading codes corresponding to a selected 
code length; adjusting the interval of the length of an IFW 
based upon a selected code component length; and if the 
interval of the IFW length is adjusted, generating at least one 
orthogonal code set based upon the orthogonal spreading 
code. 

According to further another aspect of the invention, a 
code pair allocating method using orthogonal spreading 
codes comprises the folloWing steps of: determining one of 
at least one orthogonal code set as a representative orthogo 
nal code set; allocating different orthogonal spreading codes 
to an I branch and a Q branch and judging Whether to 
minimize a peak-to-average poWer ratio; generating at least 
one code pair using the representative orthogonal code set 
according to a result of the judging S 62 in FIG. 5; 
generating a code pair set based upon the at least one code 
pair; and allocating the code order based upon the at least 
one code pair included in the code pair set. 

According to still another aspect of the invention, a code 
pair allocating method using orthogonal spreading codes 
comprises the folloWing steps of determining one of at least 
one orthogonal code set as a representative orthogonal code 
set; allocating different orthogonal spreading codes to an I 
branch and a Q branch, and judging Whether to minimize a 
peak-to-average poWer ratio; grouping at least one code pair 
set according to a rule determined based upon the represen 
tative orthogonal code set as a result of the judging S 62 in 
FIG. 5; selecting one from the at least one code pair 
according to a determined order; generating at least one code 
pair on the basis of the middle of at least one element 
included in the selected code pair set; and allocating the code 
order based upon the at least code pair. 

According to other aspect of the invention, a code pair 
allocating method using orthogonal spreading codes com 
prises the folloWing steps of: determining one of at least one 
orthogonal code set as a representative orthogonal code set; 
judging Whether to allocate the orthogonal spreading code to 
an I branch and a Q branch; generating at least one code set 
by using the orthogonal code set according to a result of the 
judging S 61 in FIG. 5; selecting the at least one code set in 
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a predetermined order; and allocating the code order accord 
ing to a predetermined rule based upon at least one element 
of the selected code set. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically shoWs a BPSK spreading method 
using an orthogonal a spreading code of the related art; 

FIG. 2 schematically shoWs a QPSK spreading method 
using an orthogonal spreading code of the invention; 

FIG. 3 schematically shoWs a complex spreading method 
using an orthogonal spreading code of the invention; 

FIG. 4 is a How chart illustrating a method of generating 
a representative orthogonal code set using an orthogonal 
spreading code according to a preferred embodiment of the 
invention; and 

FIG. 5 is a How chart illustrating a method of allocating 
a code pair using a representative orthogonal code set 
according to a preferred embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The folloWing detailed description Will present an 
embodiment of the invention in reference to the accompa 
nying draWings. 

First, an orthogonal code set is de?ned as a set of 
orthogonal spreading codes satisfying autocorrelation and 
crosscorrelation characteristics in a required IFW. 

The orthogonal spreading codes are de?ned as in Equa 
tion 1, Wherein the code length N is 2'", and m is a natural 
number at least 2: 

Herein, LSN is an orthogonal spreading code matrix, LS KN 
is a roW vector having a siZe of l><N representing the Kth 
orthogonal spreading code, CN and SN are sub-matrices 
respectively having a siZe of 

wlz [Quiz 

and K is 0 to N-l. SN is recursively obtained from CN, and 
CN is recursively obtained from 

MeanWhile, When a guard component LGUARD having a 
siZe of 
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6 
inserted after or before CN and SN for generating the IFW, an 
orthogonal spreading code can be expressed as in Equation 
2, Wherein the length of a code is N+2><LGUARD, N is a 
natural number at least 2, and the length of guard component 
is an integer at least 0. 

OLGUARD C” OLGUARD SN 
UNHXLGUARD : 

OLGUARD C” OLGUARD _SN 

Equation 2 

Herein, LSN_2/Lg“‘”d is the orthogonal spreading code 
matrix. LSKMZ/LGUARD is a roW vector expressing the Kth 
orthogonal spreading code having a siZe of l><(N+2>< 
LGUARD). Also, OLGUARD is a roW vector having a value of 0 
and a siZe of 

N x L 
2 GUARD 

If the IFW of the orthogonal code has an interval of 
[—LIFW,LIFW], the number of the orthogonal spreading codes 
is 2'”-g When 2g 1 ELIFWE 2g. Herein, g is a natural number, 
m is a natural number at least 2, LIFW and LGUARD have the 
folloWing relation: 

The folloWing detailed description Will present a code 
allocating method for increasing the length of the IFW and 
a code pair generating method for minimiZing the phase 
transition of 180 degree among the codes allocated to I 
branch and the codes allocated to Q branch to minimize a 
Peak-to-Average PoWer Ratio (PAPR). 

Generation of Orthogonal Code Set 

Equation 2 shoWs that total 28 number of orthogonal code 
sets (O) as sets of mutually orthogonal codes exist, and each 
of the orthogonal code sets includes 2”“8 number of ele 
ments. 

Therefore, the orthogonal code sets can be expressed as in 
Equation 3: 

., and 



US 7,099,371 B2 
7 

As shown in Equation 3, the total 28 number of orthogonal 
code sets exist from O1 to 025. Therefore, the same auto 
correlation and crosscorrelation characteristics can be 
expressed even if any one is selected from the orthogonal 
code sets. However, all of the orthogonal code sets are not 
used at the same time, but only one set is used. In other 
Words, if the orthogonal code set 01 is used, the remaining 
orthogonal code sets are not used by the folloWing reason: 
When several orthogonal code sets are used at the same 
time, the autocorrelation and crosscorrelation characteristics 
are not maintained in the IFW. 

Therefore, When a representative orthogonal code set is 
shoWn as L, each of element in the set is de?ned as: L:{lo, 
l2, . . . , l2”_2,l2”g*1}. Then, each elements betWeen the 

orthogonal code sets Ok and the representative orthogonal 
code set L can be one-to-one matched in the ascending order. 

In other Words, the representative orthogonal code set is 
LIOl When 01 is selected as the orthogonal code set. Then 
elements in the orthogonal code set can be expressed as in 
Equation 4: 

i N+2 GUARD 
loiLSo L 

i N+2 GUARD 
lliLS 1 L 

..and 

lzmigil : lszmig Equation 4 

Therefore, the representative orthogonal code set can be 
expressed as 

When Ok is selected as the orthogonal code set, the 
representative orthogonal code set becomes LIOk, and the 
element in the orthogonal code set can be expressed as in 
Equation 5: 

As a result, in order to generate the IFW, the orthogonal 
code sets can be generated by using the orthogonal spread 
ing codes, Which include the guard components according to 
Equations 2, 3 and 5. 
As described above, spreading methods using the 

orthogonal spreading codes include: a Binary Phase Shift 
Keying (BPSK) spreading method in Which the same I 
orthogonal spreading code is used in both I branch and Q 
branch (FIG. 1), a Quadrature Phase Shift Keying (QPSK) 
spreading, method in Which different orthogonal spreading 
codes are allocated to the I branch and the Q branch (FIG. 
2), and a complex spreading method for reducing the poWer 
imbalance betWeen the I and Q branch (FIG. 3). 

The folloWing description Will present a method for 
generating the optimum code pairs and allocating the codes 
using the orthogonal code sets. For convenience’s sake, 
?rstly the description Will be made about a situation in Which 
different orthogonal spreading codes are used in the I and Q 
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8 
branch, and then a situation in Which the same orthogonal 
spreading code is used in the I and Q branch. 

Optimum Code Pair Allocation (U sing Different 
Spreading Codes) 

(1) Minimizing the PAPR (S 63 in FIG. 5) 
As described above, When the different spreading codes 

are used in each of the I component and the Q component, 
the spreading codes of the I and Q component can be varied 
simultaneously. Then the spreaded signal may undergo a 
phase transition of 180 degree, thereby increasing the Peak 
to-Average PoWer Ratio (PAPR). Therefore, When the dif 
ferent orthogonal spreading codes are used in each of the I 
and Q branch, code pairs are so generated to minimize the 
180 degree phase transition of each signal. In other Words, 
When the orthogonal spreading codes are used for spreading, 
the optimum code pairs are so selected to minimiZe the 180 
degree phase transition betWeen the I and Q branch codes in 
selecting each spreading code pair (Ibmnch code, Qbmnch 
code) or (Qbmnch code, Ibmnch code) in an orthogonal code 
set. 

For example, the code pairs alloWing the minimum phase 
transition of the 180 degree betWeen the I and Q branch 
codes can be expressed as in Equation 6: 

(1mm. Qbmh) or Qbmh. 1mm) = (10. 12min. Equation 6 

Wherein O1 is selected from the orthogonal code sets, and 
thus the representative set is expressed as: L:Ol:{lo,lo, . . . 
, L2,l2_l, If the other orthogonal code set is selected as the 
representative orthogonal code set, the equation 6 Would be 
changed according to the selected representative orthogonal 
code set. 

Therefore, the code pairs can be generated on the basis of 
the center of the orthogonal code set Which are arrayed in the 
ascending order. In other Words, the ?rst element of the 
orthogonal code set arrayed in the ascending order is paired 
With the ?rst element from the center, and the second 
element of the orthogonal code is paired With the second 
element from the center. Finally, the element right before the 
center is paired With the last element of the orthogonal code 
set. For example, When m is 8 and g is 5, the representative 
set is L:Ol:{lo,ll, l2,l3,l4,l5,l6,l7} having 8 elements. Then, 
the code pairs can be respectively generated as (10,14), (11,15), 
(12,16), (3,17) 
The generated code pairs can be allocated in the ascend 

ing order according to generation. In other Words, the ?rst 
generated code pair (10,14) is allocated, the next generated 
code pair (11,15) is folloWed, and ?nally (13,17) is allocated. 

Alternatively, after the orthogonal code sets are grouped 
into code pair sets, the code pairs are allocated to the code 
pair sets. In other Words, the code pair sets can be indicated 
P and expressed as in Equations 7 and 8: 

(Ibrand'vQbranch) or (Qbranch>lbranch)} Equation 7, and 

Herein, Equations 8 shoWs the code pair set grouped in 
reference to Equation 6. 

At this time, note that there are no restrictions in the order 
of allocating the code pairs in the code pair set. Namely, 

Equation 8. 
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according to Which code pair allocation, any code pair can 
be primarily allocated in the code pair set. 

(2) Increasing the length of the IFW (S 65 in FIG. 5) 
The invention relates to a method for sequentially allo 

cating orthogonal spreading codes to extend the length of the 
IFW, in Which the length of the IFW is extended When halves 
of the total available codes or less are used. 

Supposing that 01 is selected from the orthogonal code 
sets and thus the a representative orthogonal code set is 
indicated as L:Ol:{LO,ll, . . . , l2”_g_2,l2”_g_l}, the code 

pair set P is de?ned as Equation 7: 
When the halves of the total available codes or less are 

used, the code pair sets can be grouped into P1 and P2, and 
each of the code pair sets can be expressed as in Equations 
9 and 10. 

P2 : Equation 10 

As shoWn in Equations 9 and 10, the elements of the 
orthogonal code set, Which is arrayed in the ascending order, 
are divided into halves, in Which elements in a loWer order 
are grouped as P1, and elements in the next order are 
grouped as P2. Generation of code pairs from P1 and P2 can 
be expressed as in Equation 6. Description Will be made in 
reference to the code pairs from P1. 

First, Pl includes those in the loWer order up to the center 
from the elements arrayed in the ascending order. The 
elements up to the center are paired on the basis of the 
quarter center; the ?rst element of the orthogonal code set 
arrayed in the ascending order is paired With the ?rst element 
from the quarter center; and the second element is paired 
With the second element from the quarter center. Finally, the 
element before the quarter center is paired With the last 
element of the orthogonal code set. Herein, When the ele 
ments included in the representative set are N, the center is 
a portion that is indicated as N/2, and the quarter center is 
a portion that is indicated as N/4. 
As a result, after the halves of the total available codes or 

less are used, the code pair sets are grouped based upon the 
orthogonal code sets, one code pair set is selected from at 
least one code pair sets. The code pairs are allocated based 
upon the selected code pair set. Herein, in the order of 
allocating the code pairs, any code pair may be freely 
allocated to the code pair set. 

Therefore, the method for allocating the codes as set forth 
above has the folloWing effect: When a small number of 
channels are used and thus the code pair allocation is carried 
out in one of the code pair sets, the length of the IFW is 
extended. 

(3) Optimum Code Allocation (Using Same Spreading 
Code) (S 68 in FIG. 5) 

The invention is devised to obtain an effect that the length 
of the IFW is extended When the same spreading code is 
used in both I and Q branch and the halves of the total 
available codes (N) or less are used. Herein, it should be 
noticed that the foregoing code pair generation is unneces 
sary since the same spreading code is used. 

For example, Ad hen the representative set is expressed as 
L:{O,l1, . . . , l2”,l2”}, code sets can be de?ned as in Equation 
11: 
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Herein, L K can be expressed only if K is a natural number 
from 2 to m-g-l. Therefore, if K is 1, L1 Will be de?ned 
separately from the foregoing. 

Therefore, describing allocation of the codes from Equa 
tion 11, one code set is selected from the code sets in the 
ascending order, and the code can be freely chosen from the 
selected code set Without any ?xed order. For example, L1 
is primarily selected, and then the codes from L 1 is allocated 
Without any ?xed order. After allocating all the elements 
included in L1, L2 is selected to determine the order of 
allocating elements included in L2. The same process is 
carried out in the last code set Lm 1 to determine the order 
of allocation. 

Therefore, the method for allocating the codes as set forth 
above has an effect that the length of the IFW is extended 
When halves of the total available codes or less are used. 

FIG. 4 is a How chart for illustrating a method for 
generating a representative orthogonal code set using an 
orthogonal spreading code in accordance With a preferred 
embodiment of the invention, in Which generation of the 
representative orthogonal code set can be more readily 
understood in reference to Equations 1 to 5. 

Referring to FIG. 4, a given code length N equal or larger 
than 4 is selected in S 40. When the code length is selected, 
it is judged Whether the code length N is 2'" in S 41 Wherein 
in is equal or larger than 2. If it is judged that the code length 
N is 2'", an orthogonal spreading code is generated in S 42. 
A code component length LGUARD and an IFW length LIFW 
are respectively selected in S 43 and S 44, and it is judged 
Whether LGUARD and LIFW satisfy the relation 
LGUARDZLIFWZO in S 45. If it is judged that the relation 
LGUARDZLIFWZO is not satis?ed, the foregoing S 43 is 
repeatedly executed until the relation LGUARDZLIFWZO is 
satis?ed. If the relation LGUARDZLIFWO is satis?ed, execu 
tigon is made to calculate g satisfying the relation 
2 §LIFW§ 2g in S 46. If execution is so made that g satis?es 
the relation 2g_1§L,FW§ 28, k and j are respectively set up 
as l and 0 in order to discriminate the ?rst orthogonal code 
set and set elements in S 47 and S 48. 

The (k—l)><2'"_g+jth orthogonal spreading code is 
included as a set element to the kth orthogonal code set Ok 
in S 49. 

After adding 1 to j in S 50, it is judged Whether j is larger 
than 2’"_g—l in S 51. If it is judged thatj is not larger than 
2’"_g—l, the foregoing S 49 is executed. If it is judged that 
j is larger than 2’"_g—l is added to k in S 52. It is judged 
Whether k is larger than 28 in S 53. If it is judged that k is 
not larger than 28, the foregoing S 49 is executed. If it is 
judged that k is larger than 2g, one orthogonal code set is 
selected from 28 number of orthogonal code sets to deter 
mine a representative orthogonal code set in S 54. Orthogo 
nal code sets as in Equation 3 can be calculated from the 
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foregoing Ss 47 to 53. One of the orthogonal code sets can 
be determined as the representative orthogonal code set in 
the foregoing S 54. 

The orthogonal spreading codes are matched to elements 
in the representative orthogonal code set in the ascending 
order in S 55. 

FIG. 5 is a How chart for illustrating a method for 
allocating code pairs using a representative orthogonal code 
set in accordance With a preferred embodiment of the 
invention. 

In S 60, a representative orthogonal code set is determined 
in the foregoing Ss 54 and 55 in FIG. 4. It is judged Whether 
orthogonal spreading codes corresponding to elements of the 
representative orthogonal code set are differently allocated 
to I and Q branch in S 61. 

If it is judged that the orthogonal spreading codes are 
differently allocated (a QPSK or Complex Spreading 
method), it is judged Whether code pairs for minimiZing a 
peak-to-average poWer ratio are allocated in S 62. 

If it is judged that the code pairs for minimiZing the 
peak-to-average poWer ratio are allocated, an optimum code 
pair allocating method (1) is executed in S 63. If it is judged 
that the code pairs for minimiZing the peak-to-average 
poWer ratio are not allocated, an optimum code pair allo 
cating method (2) is executed in S 65. 

MeanWhile, if it is judged that the orthogonal spreading 
codes corresponding to the elements of the representative 
orthogonal code set are identically allocated to the I and Q 
branch (a BPSK method), an optimum code allocating 
method (3) is executed in S 68. 

Each of the foregoing Ss 63, 65 and 68 can be more 
readily understood in reference to each of the allocation 
methods (1), (2) and (3). 

According to the invention as described hereinbefore, 
When the orthogonal code sets satisfying the autocorrelation 
and crosscorrelation characteristics are generated from the 
orthogonal spreading codes generated in the orthogonal 
spreading code allocation method, and one set of the 
orthogonal code sets is set up as the representative code set, 
the orthogonal spreading codes of the orthogonal code sets 
are one-to -one matched to the elements of the representative 
code set in the ascending order. 

The code pairs are venerated to minimiZe the 180 degree 
phase transition betWeen the I branch and the Q branch 
based upon the selected orthogonal code set. 

Therefore, the invention describes the method for allo 
cating the same or different codes to the I branch and the Q 
branch based upon selection of the orthogonal code set 
allocation of the codes and generation of the code pairs 

According to the invention as described hereinbefore, the 
180 degree phase transition betWeen the allocated codes is 
minimized to reduce the peak-to-average poWer ratio. 

According to the invention, the code pairs and code 
allocation rules are generated in the orthogonal code set to 
extend the interval length of the IFW. 

The code pairs are generated in the orthogonal code set to 
extend the length of the interval of the IFW. 

The invention generates the orthogonal code sets satisfy 
ing the autocorrelation and crosscorrelation characteristics 
to perfectly remove the interference Within the IFW among 
the codes respectively allocated to the user. 

While the foregoing description has been made about the 
preferred embodiment of the invention, it is apparent that a 
number of variations, modi?cations and equivalents can be 
made Without departing from the invention. It is apparent 
that the invention can be equivalently applied through 
adequate variation of the foregoing embodiment. 
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12 
Therefore, the foregoing description shall not restrict the 

scope of the invention Which Will be de?ned by the 
appended claims. 
What is claimed is: 
1. A method for allocating code pairs of orthogonal 

spreading codes having guard bits of 0, comprising: 
generating at least one orthogonal code set based upon the 

orthogonal spreading codes; 
determining one of the at least one orthogonal code set as 

a representative orthogonal code set; and 
allocating an order of code pairs according to a prescribed 

rule based upon the representative orthogonal code set. 
2. The method according to claim 1, further comprising 

matching the orthogonal spreading codes to at least one 
element included in the representative orthogonal code set in 
an ascending order if the representative orthogonal code set 
is determined. 

3. The method according to claim 1, Wherein said step of 
generating the orthogonal code set comprises: 

generating the orthogonal spreading codes corresponding 
to a selected code length; 

adjusting the interval of an Interference Free WindoW 
(IFW) length based upon a selected code component 
length; and 

generating the at least one orthogonal code set and at least 
one element included in each of the at least one 
orthogonal code set until a prescribed condition is 
satis?ed. 

4. The method according to claim 3, Wherein the pre 
scribed condition comprises 2g_1§L,FW§ 28 

wherein: 
LIFW is the length of the interference free WindoW 
g is a natural number. 
5. The method according to claim 3, Wherein the at least 

one orthogonal code set is calculated using: 

Wherein Ok is the kth orthogonal code set, and 

is the jth orthogonal spreading code of the kth orthogonal 
code set; 

Wherein: LGUARD is the length of guard component 
g & m are natural number(s) 
K is an integer 
N is the code length. 
6. The method according to claim 1, further comprising: 
determining Whether to differently allocate the orthogonal 

spreading codes corresponding to the at least one 
element of the representative code set to an I branch 
and a Q branch; and 

determining Whether to allocate code pairs Which mini 
miZe a peak-to-average poWer ratio if differently allo 
cated. 

7. The method according to claim 6, further comprising: 
generating at least one code set using the representative 

code set if the orthogonal spreading codes are not 
differently allocated to the I branch and the Q branch; 

selecting the at least one code set in a prescribed order; 
and 
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allocating the order of the codes according to a prescribed 
rule based upon at least one element of the selected 
code set. 

8. The method according to claim 7, Wherein the at least 
one code set is calculated using: 

Wherein Lk is the kth code set, and l is an element included 
in the code set; 

Wherein further: 
k is an integer. 
9. The method according to claim 6, further comprising: 
generating at least one code pair based upon the repre 

sentative code set if the code pair is allocated to 
minimiZe the peak-to-average poWer ratio; 

generating a code pair set based upon the at least one code 
pair; and 

allocating the code order based upon the at least one code 
pair included in the code pair set. 

10. The method according to claim 9, Wherein the code 
pair is generated on the basis of a center of the at least one 
element of the representative code set, and Wherein the at 
least one element is arrayed in the ascending order. 

11. The method according to claim 6, further comprising: 
grouping at least one code pair set according to a pre 

scribed rule based upon the representative code set if 
the code pair Which minimiZes the peak-to-average 
poWer ratio is not allocated; 

selecting a code pair set from the at least one code pair set 
according to the determined order; 

generating at least one code pair on the basis of the center 
of the at least one element included in the selected code 
pair set; and 

allocating the code order based upon the at least one code 
pair. 

12. A method for generating an orthogonal code set using 
orthogonal spreading codes, comprising: 

generating orthogonal spreading codes corresponding to a 
prescribed code length; 

adjusting an interval of a length of an interference free 
WindoW (IFW) based upon a prescribed code compo 
nent length; and 

generating at least one orthogonal code set based upon the 
orthogonal spreading code if the length of the IFW 
interval is adjusted. 

13. The method according to claim 12, Wherein the at least 
one orthogonal code set is generated until a prescribed 
condition is satis?ed. 

14. A method for allocating code pairs using orthogonal 
spreading codes, comprising: 

determining one of at least one orthogonal code set as a 
representative orthogonal code set; 

allocating different orthogonal spreading codes to an I 
branch and a Q branch, and determining Whether to 
minimiZe a peak-to-average poWer ratio; 

generating at least one code pair based upon the repre 
sentative orthogonal code set according to Whether the 
code pair for minimiZing a peak-to-average poWer ratio 
is allocated; 

generating a code pair set based upon the at least one code 
pair; and 

allocating a code order based upon the at least one code 
pair included in the code pair set, Wherein the code pair 
is generated on the basis of a center of at least one 
element of the representative orthogonal code set, 
Wherein the at least one element is arrayed in an 
ascending order. 
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15. A method for allocating code pairs using orthogonal 

spreading codes, comprising: 
determining one of at least one orthogonal code set as a 

representative orthogonal code set; 
allocating different orthogonal spreading codes to an I 

branch and a Q branch, and determining Whether to 
minimiZe a peak-to-average poWer ratio; 

grouping at least one code pair set according to a pre 
scribed rule based upon the representative orthogonal 
code set in accordance With Whether the code pair for 
minimiZing a peak-to-average poWer ratio is allocated; 

selecting a code pair set from the at least one code pair 
according to a prescribed order; 

generating at least one code pair based on a center of at 
least one element of the representative orthogonal code 
set and at least one element included in the selected 
code pair set; and 

allocating a code order based upon the at least one code 
pair. 

16. A method for allocating code pairs using orthogonal 
spreading codes, comprising: 

determining one orthogonal set of at least one orthogonal 
code set as a representative orthogonal code set; 

determining Whether to identically allocate the same 
orthogonal spreading code to an I branch and a Q 
branch; 

generating at least one code set by using the orthogonal 
code set according to Whether different orthogonal 
spreading codes are to be allocated to an I component 
and a Q component; 

selecting the at least one code set in a prescribed order; 
and 

allocating a code order according to a prescribed rule 
based upon at least one element of the selected code set, 
Wherein the at least one element is arrayed in an 
ascending order. 

17. The method of claim 1, Wherein allocating the order 
of code pairs comprises: 

arraying the elements of the orthogonal code set in an 
ascending order, Wherein the ascending order com 
prises a ?rst element, a center element, an element 
before center and a last element; 

pairing the ?rst element With the center element; and 
pairing the element before center With the last element. 
18. The method of claim 1, Wherein allocating the order 

of code pairs comprises allocating code pairs in accordance 
With: 

Wherein 11- is an orthogonal code from the orthogonal code 
set, “g” is a natural number, and “m” is a natural number 
greater than 2. 

19. The method of claim 1, Wherein allocating the order 
of code pairs comprises: 

arraying the elements of the orthogonal code set in an 
ascending order, Wherein the ascending order com 
prises a ?rst half of elements With a ?rst element, a 
quarter-center element in the center of the ?rst half of 
elements, and a last element; 

pairing the ?rst element With the ?rst element from the 
quarter-center element; and 

pairing the element before the quarter-center With the last 
element. 

20. The method of claim 1, Wherein allocating the order 
of code pairs comprises allocating code pairs in accordance 
With: 
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Lm’g’l:{Z2rr1*g*l,z2rnigil+bz2migil+z . . . , ZZWgQJZWg, 

1} 
wherein a representative orthogonal code set is expressed 

Wherein “m” and “g” are natural numbers. 
21. A method to generate orthogonal code sets, compris 

1ng: 
selecting a code length N equal to or larger than 4; 
determining Whether the selected code length N equals 

2'", Where m is equal to or larger than 2; 
generating an orthogonal spreading code if N equals 2'"; 
selecting a code component length LGUARD and an IFW 

length LIFW; 
determining Whether LGUARDZLIFWZO is true; 
selecting a neW LGUARD and LIFWuntiI LGUARDZLIFWZO 

is true; 
calculating g based 
LGUARDZLIFWZO; 

setting k equal to l, and j equal to 0; 
repeat adding the (k—l)2'"_g+j orthogonal spreading code 

to the kth orthogonal code set and adding 1 to j until j 
>2’"_g—l is true; 

adding 1 to k ifj>2’"_g—l is true; 
if k>2g is not true, repeat adding the (k- l )2’"_g+j orthogo 

nal spreading code to the kth orthogonal code set and 
adding 1 to k until k>2g is true; and 

selecting one orthogonal code set from the generated 
orthogonal code sets as the representative orthogonal 
code set if k>2g is true; 

Wherein: “m” and “g” are natural numbers 
“k” and “j” are integers 
LGUARD is the length of guard component 
LIFW is the length of the interference free WindoW. 
22. A method of allocating code pairs using a represen 

tative orthogonal code set, comprising: 
determining Whether orthogonal spreading codes are to be 

differently allocated to an I branch and a Q branch or 
to be similarly allocated to the I branch and the Q 
branch; 

if orthogonal spreading codes are to be differently allo 
cated, determining Whether code pairs to minimiZe 
peak-to-average poWer ratio are to be allocated; 

if orthogonal spreading codes are to be differently allo 
cated to an I branch and a Q branch, and are to be 
allocated to minimiZe peak-to-average poWer ratio, 
allocate orthogonal spreading codes by: 
arraying the elements of the orthogonal code set in an 

ascending order, Wherein the ascending order com 
prises a ?rst element, a center element, an element 
before center and a last element, 

pairing the ?rst element With the center element, and 
pairing the element before center With the last element; 

if orthogonal spreading codes are to be differently allo 
cated to an I branch and a Q branch and are not to be 
allocated to minimiZe peak-to-average poWer ratio, 
allocate orthogonal spreading codes by: 
arraying the elements of the orthogonal code set in an 

ascending order, Wherein the ascending order com 
prises a ?rst half of elements With a ?rst element, a 
quarter-center element in the center of the ?rst half 
of elements, and a last element, 

pairing the ?rst element With the ?rst element from the 
quarter-center element, and 

pairing the element before the quarter-center With the 
last element; 
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if the orthogonal spreading codes are to be similarly 

allocated to the I branch and the Q branch allocate 
orthogonal spreading codes by allocating code pairs 
in accordance With: 

L:{ZO,Z1, . . . ,ZZWLZJZWLI} 

Wherein a representative orthogonal code set is expressed as: 

P:{(ZO1Z2""g’l)>(Zl1Z2m’g’l+l)> - - - 

Wherein “m” and “g” are natural numbers. 
23. The method of claim 22, Wherein if orthogonal 

spreading codes are to be differently allocated to an I branch 
and a Q branch and are to be allocated to minimiZe peak 
to-average poWer ratio, allocating code pairs in accordance 
With: 

Lmigil:{z2rrligil,z2rnigil+l,Z2rn*g*l+2, . . . ,l2meg,2,l2meg, 

I 

wherein “l” is an orthogonal code from the orthogonal 
code set, “g” is a natural number, and “m” is a natural 
number greater than 2. 

24. An apparatus for generating orthogonal spreading 
codes, comprising: 

a processor coupled to a memory, Wherein the processor 
and the memory are con?gured to: 
select a code length N equal to or larger than 4; 
determine Whether the selected code length N equals 

2'", Where m is equal to or larger than 2; 
generate an orthogonal spreading code if N equals 2'"; 
select a code component length LGUARD and an IFW 

length LIFW; 
determine Whether LGUARDZLIFWO is true; 
select a neW LGUARD and LIFW until LGUARDZLIFWZO 

is true; 
calculate g based 

LGUARDZLIFWZO; 
set k equal to l, and j equal to 0; 
repeat adding the (k—l)2'"_g+j orthogonal spreading 

code to the kth orthogonal code set and adding 1 to 
j until j>2’”_g is true; 

add 1 to k ifj>2’"_g—l is true; 
if k>2g is not true, repeat adding the (k—l)2'"_g+j 

orthogonal spreading code to the kth orthogonal code 
set and add 1 to k until k>2g is true; and 

select one orthogonal code set from the generated 
orthogonal code sets as the representative orthogonal 
code set if k>2g is true 

Wherein: 
“m” and “g” are natural numbers 

“k” and “j” are integers 
LGUARD is the length of guard component 
LIFW is the length of the interference free WindoW. 
25. An apparatus for allocating orthogonal spreading 

codes using a representative orthogonal code set, compris 
ing: 

a processor coupled to a memory, Wherein the processor 
and the memory are con?gured to: 

determine Whether orthogonal spreading codes are to 
be differently allocated to an I branch and a Q branch 
or to be similarly allocated to the I branch and the Q 
branch; 

if orthogonal spreading codes are to be differently 
allocated, determine Whether code pairs to minimiZe 
peak-to-average poWer ratio are to be allocated; 
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if orthogonal spreading codes are to be differently 
allocated to an I branch and a Q branch, and are to 
be allocated to minimize peak-to-average poWer 
ratio: 
array the elements of the orthogonal code set in an 

ascending order, Wherein the ascending order 
comprises a ?rst element, a center element, an 
element before center and a last element, 

pair the ?rst element With the center element, and 
pair the element before center With the last element; 

if orthogonal spreading codes are to be differently 
allocated to an I branch and a Q branch and are not 
to be allocated to minimiZe peak-to-average poWer 
ratio: 
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element, a quarter-center element in the center of 
the fast half of elements, and a last element, 

pair the ?rst element With the ?rst element from the 
quarter-center element, and 

pair the element before the quarter-center With the 
last element; 

if the orthogonal spreading codes are to be similarly 
allocated to the I branch and the Q branch, allocate 
orthogonal spreading codes in accordance With: 

Wherein a representative orthogonal code set is expressed as: 

array the elements of the orthogonal code set in an 15 wherein “m” and “g” are natural numbers_ 
ascending order, Wherein the ascending order 
comprises a ?rst half of elements With a ?rst * * * * * 


